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A replacement female’s value is primarily determined by her reproductive potential and
the expected value of calves produced. To improve sales revenues, sellers benefit from
understanding the buyers’ valuation of physical characteristics related to reproductive potential
and calf values. The goal of this research is to identify the impact of physical characteristics on
the valuation of individual replacement females through a hedonic pricing model. Results
suggest all facets of pregnancy (i.e. pregnancy status, months pregnant, expected due-date, and
cow-calf pairs) are crucial to the valuation. Particularly, pregnant replacement females are
discounted relative to non-pregnant, ascending in value as months pregnant increases and
reaching a premium over non-pregnant status at approximately five months. It is suspected that
newly pregnant replacements are discounted due to higher abortion risks. Finally, the largest
premiums were observed for cow-calf pairs, where risk of abortion is zero and the replacement
female has proven her reproductive potential.
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CHAPTER I
INTRODUCTION
Cow-calf producers manage cows and heifers through cycles of breeding,
pregnancy, and calving (McBride and Matthews, 2011). Cows and heifers are collectively
defined as replacement females for the remainder of this research. A significant part of
the output of a cow-calf operation is the calves that replacement females produce as
inputs for further beef production. Therefore, a replacement female’s asset value is
primarily determined by her potential reproductive success and the expected value of her
calves. A female’s reproductive success is defined herein as her ability to conceive, carry
a live calf to term, and wean a live calf. A replacement female’s genetics, half of which
are passed on to her offspring, influence the expected value of her calves. A replacement
female’s genetics combined with calf sire genetics are expressed as observable physical
characteristics. This study attempts to identify how the observable physical
characteristics of replacement females are related to reproductive success and expected
calf values, and by extension, the impact on buyer valuations.
Cow-calf producers make purchasing, retention, and sales decisions throughout
the year pertaining to their stock of breeding females. To maintain herd size, producers
must replace breeding herd females that leave the operation. Producers typically retain a
portion of their heifer calves as replacements to maintain the herd size. However, some
producers may also elect to invest in replacement females from outside of the herd to
1

introduce potentially more desirable genetics or to avoid the dedication of inputs to
raising replacement heifers. Purchasing replacement females is a possible means to
rapidly alter herd genetics. The transactions between cow-calf producers constitutes the
replacement female market.
Another decision that producers make from year to year regards expanding or
contracting herd size. Producer herd contraction/expansion decisions are primarily based
on changing financial, economic, and environmental conditions. Producers facing
financial distress, poor market conditions, labor challenges, or unusual weather
conditions (e.g. drought, fires, etc.), have the option to contract their herd size by selling
replacement females. Selling productive females as potential replacements can generate
supplemental income or avoid additional expenses, such as extra feed costs during a
drought. Another aspect that may influence herd size contraction is aging producers. The
average age of a Mississippi farmer is 59.9 years (NASS, 2017). As producers age, many
will consider contracting herd size to avoid the additional labor of a larger herd.
Regarding herd expansion, producers with a strong financial position or who are
optimistic about future market conditions, may look to invest, thus, supporting a market
for replacement females.
Decisions to invest in purchasing replacement females have long-run effects on
profitability and productive success (Parcell et al., 2003). Producers make capital
investments in new breeding stock (i.e. replacement females and bulls) to produce calves
for further beef production. However, purchasing breeding stock is a risky investment.
One of the primary risks is the potential to purchase a replacement female that is
reproductively inefficient. Factors resulting in reproductive inefficiency include, but are
2

not limited to, the inability to conceive or abortion, both of which are not directly
observable to buyers. Therefore, buyers must form beliefs based on a visual assessment
of the animal’s physical characteristics. The observable physical characteristics provide
signals of the female’s reproductive success and the future value of her calves.
The goal of this research is to identify the impact of physical characteristics on the
value of replacement females in Mississippi. Extending previous aggregated unit studies
(Parcell, Schroeder, and Hiner, 1995; Mitchell, Peel, and Brorsen, 2017), a hedonic
pricing model for individual replacement females is analyzed. The primary focus is on
the physical characteristics that play a role in expected reproductive success, such as the
length of pregnancy term and the associated risk of abortion. Abortion is defined as the
early termination of pregnancy. A replacement female is considered to be at risk of
abortion from conception until she is 260 days pregnant (Thurmond, Picanso, and
Jameson, 1990). Studies, such as Thurmond, Picanso, and Jameson (1990) and Forar et
al. (1996), consider 260 days as the low end of the range for normal gestation length. A
pregnant replacement female has the highest probability (hazard) of aborting her calf
through early and mid-gestation and a slight increased risk immediately prior to birth
(Forar et al., 1996; Silke et al., 2002; Santos et al., 2004; Lonergan et al., 2016). Peter
(2000) found that the greatest risk of abortion is normally observed between 98 and 105
days. Major factors contributing to sporadic abortion are diseases, such as leptospirosis or
trichomoniasis, poor nutrition management, and stress (Peter, 2000).
Abortion risk can present a potential financial loss to a producer. Peter (2000) and
Hovingh (2009) estimate a cost between $500 and $1,000 per midterm abortion.
However, today’s cost per midterm abortion is likely to be above this range as costs of
3

production have increased. These costs can be incurred from loss of calf returns,
additional expenses to rebreed, and replacement costs if culled. Therefore, buyers of
replacement females are expected to account for the probability a pregnant replacement
female will have a successful birth. A higher expected risk of abortion is likely to reduce
bids, hence, reducing the revenue for the seller.
Five key contributions relative to the scant hedonic valuation research of
replacement females are controls on an individual basis for months pregnant, expected
due date, temperament, within auction average market (slaughter) cow prices, and within
auction average feeder calf prices. Expected due date is of critical interest because a
producer’s preferred calving season is dependent on many factors such as breeding
season challenges, forage availability, heat stress on pregnant females, calving in poor
weather conditions, as well as market timing of calves. Producers with generally
preferred calving seasons will discount pregnant replacement females projected to calve
outside of these seasons. Females observed to be overly aggressive are likely to receive a
discount due to the risk of injury to handlers, other cattle, or her own calf and the
increased probability of impaired reproductive success as compared to more docile
female (Cooke et al., 2012). Next, within auction average market (slaughter) cow prices
are introduced as a floor value control from which all replacement females are relatively
priced. In lieu of feeder cattle futures, within auction average feeder calf prices will
serve as a locally relevant naïve expectation of the future value of a pregnant replacement
female’s unborn calf and any future calves she produces. It is believed this pricing serves
as more realistic expectation of future feeder calf values as associated feeder cattle
futures contracts are not traded at the time of sale.
4

As alluded to earlier, a replacement female passes some of her physical
characteristics, such as frame, muscling, and other breed-specific trait expressions on to
her calf. Mississippi feeder calves are observed to receive premiums or discounts for
various physical and breed characteristics (Parish et al., 2018). A final contribution of
this research is to compare the consistency of relatable characteristic premiums and
discounts between replacement females and feeder calves at the same auctions in
Mississippi. The reason for the secondary analysis is to identify to what degree cow-calf
producers are incorporating downstream market information into the value of their
replacement females.
The layout of the remainder of this thesis is as follows. Chapter two discusses
literature relevant to this current research. This review shows scant research that focuses
on the valuation of replacement females by organizing individual physical characteristics
influencing reproductive success and subsequent expected value of future calves. Chapter
three presents the conceptual framework used to estimate the hedonic model and how a
replacement female’s value is derived from her potential reproductive success. Chapter
four discusses the data and a priori expectations for each valuation metric. An empirical
strategy and associated estimation concerns are presented in chapter five. A discussion of
results is found in chapter six followed by implications and conclusions in the seventh
chapter.
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CHAPTER II
LITERATURE REVIEW
The use of hedonic models is a common practice in estimating livestock input
characteristics (i.e. replacement females as an input into producing feeder or fed cattle).
The Input Characteristics Model (ICM), developed by Ladd and Martin (1976), has been
used to estimate the implicit marginal value products of various commodity
characteristics in the agricultural industry. Using an extension of the ICM, previous
studies have considered the influence of physical characteristics on the total value of
cattle ranging from replacement females to feeder cattle. This research builds upon these
works to improve the valuation estimation of individual replacement females.
2.1

Bred Cow Price Determinants
As far as the author is aware, there is no research previous to Mitchell, Peel, and

Brorsen (2017) that considers the influence of pregnant cow attributes on the total value
of a replacement female. By using aggregated bred cow reports from the United States
Department of Agriculture-AMS, Mitchell, Peel, and Brorsen (2017) were able to
conduct their analysis over a much longer time period than is typical for hedonic cattle
valuation studies. Using a mixed hedonic ICM, the market value of pregnant cows in an
Oklahoma auction was determined. The authors found that the value of cow lots was a
function of physical characteristics and outside market forces. Physical characteristics
included the averages of age, weight, and months pregnant in a pen. Market forces
6

included price expectations of input costs and output prices, sale location, and week of
sale.
Mitchell, Peel, and Brorsen (2017) determined that pregnant heifers received a
premium relative to pregnant three-year-old cows. As age increased, discounts were
experienced compared to three-year-olds. They hypothesized that heifers were valued
higher because of their greater expected productive life. Results also found that pens of
pregnant females whose average length of pregnancy was between one and five months
were discounted relative to six months pregnant.
2.2

Cow-Calf Pair Prices
Parcell, Schroeder, and Hiner (1995) estimated the implicit value of average

physical characteristics for pens of cow-calf pairs sold at seven Kansas cow-calf auctions
in 1993. The authors found (among other variables) that physical characteristics such as
pregnancy, age, and frame size played a role in determining average cow-calf pair values.
Buyers prefer pregnant cows paying an estimated premium of $67.04/pair. Older cows
were discounted relative to two years of age, with the greatest discount placed on the
oldest cows. The authors also reported that large-framed cows brought a significant
premium compared to medium-framed cows.
Finally, Parcell, Schroeder, and Hiner (1995) determined substantial premiums for
young, healthy, pregnant cows that have a healthy calf by their side. To receive the
highest price for a cow-calf pair, sellers have the incentive to improve management
practices regarding the health of the pair and to hold the pair for sale until the cow has
successfully been bred back with the calf by her side near weaning weight.

7

2.3

Feeder Cattle Auctions
Replacement females are the linchpin to high-valued feeder calves. Because of

this, what is valued in feeder calves should also be valued in replacement females. There
has been a plethora of research conducted that apply an ICM framework to feeder cattle.
However, none have considered the consistency between replacement female and feeder
calf prices. Only the most recent and geographically relevant research to Mississippi is
discussed in this literature review.
In regards to southern feeder calf values, Parish et al. (2018) recently conducted
an analysis of feeder calf auctions in Mississippi. The authors determined significant
price impacts related to several physical characteristics that are associated with that of the
calf’s dam in valuation. For instance, a body condition score of five (on a scale of 1 =
emaciated to 9 = obese [Parish and Rhinehart, 2008]) resulted in the highest premium for
calves, but there was no additional premium to incentivize producers to exceed this score.
A heavier muscled calf was also determined to produce greater returns for the producer.
It was also reported that buyers placed a greater value on lighter weight calves than
heavier ones. This is believed to be due to the potential for the additional rapid weight
gain as a feeder. Additionally, small-framed calves were discounted relative to mediumframed calves with no significant difference for large-framed calves. The authors also
controlled for temperament. Calmer calves garnered a premium relative to a moderately
alarmed or aggressive calves. This result indicates improving cattle handling practices or
genetic selection for more desirable temperament may improve revenue.
Williams et al. (2012) estimated the price impacts of value-added characteristics
for Oklahoma feeder cattle. Data on pen lots were collected at seven auction locations
8

throughout Oklahoma. Using a hedonic mixed model analysis, the authors reported that
average frame size and heavy muscling did not impact prices. However, lots that were an
average of thin body condition or were extremely light-muscled were discounted
$9.26/cwt and $10.11/cwt, respectively. Price was also found to decrease relative to the
lot’s average calf weight.
2.4

Thoroughbred Broodmares
Beef cattle is not the only animal species for which pregnancy status information

can play a role in determining value. Broodmares are a necessary input for foal
production just as replacement females are a primary input for beef production. Neibergs
(2001) conducted a hedonic pricing model of Thoroughbred broodmares. The author
found that the value of a broodmare is significantly related to the horse’s breeding and
racing abilities, genetics, and the current market factors. The greatest effect on price was
the broodmare’s breeding traits. A mare that was barren, or not pregnant at time of sale,
had a significant discounted marginal value of $15,010. It was suggested that this
signified uncertainty of reproductive success and the additional production costs of caring
for an open broodmare.
2.5

Literature Review Summary
Past research identifies that reproductive success plays a role in the valuation of

replacement breeding stock. Authors have reported later-gestating replacement females
and those with a calf by her side brought premiums at auction (Parcell, Schroeder, and
Hiner, 1995; Mitchell, Peel, and Brorsen, 2017). Using individual animal data from
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Mississippi cattle auctions, it is intended to build upon these works which utilized
aggregated pen data.
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CHAPTER III
CONCEPTUAL MODEL
Replacement females are a capital investment for the cow-calf operation. The net
present value of this investment is the discounted sum of i) the net expected unborn calf
value if currently pregnant, ii) the net expected values of possible future calves, and iii)
the salvage value of the replacement female when she is no longer feasible for calf
production. Net expected values incorporate the expected costs specific to the production
of weaned calves. Because productivity is not certain, a buyer must form a belief as to a
replacement female’s productivity by relying on value signals derived from observed
physical characteristics at the time of purchase, as well as market expectations.
Characteristics such as pregnancy status (i.e. open or pregnant) by rectal palpation
and estimated age via dental examination are determined by a licensed veterinarian at the
auction and are provided to the buyers at the time of sale. Though palpation is a relatively
accurate assessment of pregnancy status, the method is less accurate for early pregnancy
(less than 60 days since insemination) (Breed et al., 2009). As such, a weak assumption
is that buyers trust the information is accurate. Additionally, the live weight of the female
is provided by the auction either just before or after sale depending on the location of
weigh scales. For those weighed after sale, it is presumed that experienced buyers are
able to form fairly accurate assessments of the true weight. All other physical
characteristics, such as breed, frame, and body condition are visually assessed by the
11

buyer during the auctioning process. Market expectations such as the future salvage value
of breeding females, feeder calf prices, and input costs are derived from current market
information available to the buyer.
To begin the development of the conceptual model’s details, first, assume a risk
neutral buyer believes the replacement female is pregnant at the time of sale. If nonpregnant or “open”, the value is equal to zero. The buyer valuation process would then
begin with the determination of the likelihood the fetus will survive at least until birth.
Survival of an expected calf is uncertain due to the possibilities of abortion of the fetus
and dystocia, or calving difficulty, at birth.
Relevant to abortion, an important signal of the likelihood of abortion is the
number of months pregnant at the time of sale. Past dairy herd research has determined
that as pregnancy moves closer to term, the risk of pregnancy loss (abortion) decreases
until birth, with the greatest degree occurring within the first two weeks after fertilization
and a slight increase prior to birth (Forar et al., 1996; Silke et al., 2002; Santos et al.,
2004; Lonergan et al., 2016). To assess the likelihood that the fetus reaches parturition,
buyers form beliefs based on months pregnant and other female characteristics that may
impact the likelihood of carrying the calf to term, such as nutritional status assessed by
body condition. Finally, expected fluctuations in weather conditions such as extremely
hot or cold months can also likely impact the risks of abortion (Parish and Rhinehart,
2008).
Parturition has its own set of dystocia risks resulting in increased probability of
calf loss and reduced future reproductive potential (Short et al., 1994). Female
characteristics such as nutritional and health status and pelvic area relative to fetal calf
12

size can impact the likelihood of prolonged or calving difficulty (Vargas et al., 1999;
Parish and Larson, 2014). After a successful birth, although the risk of abortion and
dystocia are zero, new risks arise for the newborn calf’s survival. Factors impacting the
likelihood of the newborn calf’s survival include illness (e.g. scours, pneumonia, etc.),
nursing difficulty from poor udder or teats, weather, and possibly predation (Parish,
Rhinehart, and Boland, 2009).
A general and hypothetical representation of the risks (hazard) of calf loss is
illustrated from conception to weaning in figure (3.1). Notice that during parturition there
is a sudden spike in the risks. This is due to increased risk of death due to dystocia.
Typically, after approximately a month, the risk of loss decreases as the calf ages and
becomes more accustomed to the environment (APHIS, 2010).
1
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Figure 3.1 Hypothetical hazard risk during pregnancy and parturition.
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When a producer bids on a pregnant replacement female, an important partial
value determination is the expected value of the current fetus. The fetus is the first calf
available to sell by the new owner. The fetus, f [1, F | a] , is one out of a possible F
calves remaining in her productive lifespan. The number of possible calves is conditional
upon her current age, a [2, A] , where it is assumed the minimum age for having a calf
is two years of age. The expected maximum useful life may be A  10 years old for a
female in good condition. If the female has her first calf at two years of age and is five
years of age at the time of sale, the pregnancy she is currently carrying is at most her 4th
pregnancy, which is f  1 for the new owner and F  5 possible calves. This is assuming
that all previous pregnancies produced a single live calf and no abortions occurred.
The expected net value for any unborn calf, current or future, is defined as
follows. Let gestation time of the fetus range from t   0, b  where t  0 is conception
and t  b is the successful birth of the first calf. Additionally, the planned production
time of the calf after birth ranges from    b, T  , where   T is the age of the calf when
sold. The potential loss of calf at time d after purchasing a pregnant female due to
abortion or death can occur in the time interval d  t , T  . The discrete expected net value
of the unborn calf over the development and growth periods is defined as
T t
d t


E V f 1   P(b | t  b) P(T | b)  R T  f 1   C f 1,t   P(t  d  T ) C f 1,t .
t
t
t



(3.1)

In equation (1), P(b | t  b) P(T | b) is the joint conditional probability of sale,
conditioned on the probability of live birth and survival to market. The net return of the
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T t

calf sold at some future time T  is R T  f 1   C f 1,t , which is the sales revenue less
t

the accrued costs of gestation, birth, and production. The expression
d t

P(t  d  T ) C f 1,t represents the expected accrued costs if the fetus/calf dies prior to
t

marketing, the magnitude of which is contingent upon the date of death. By necessity,
P(b | t  b) P(T | b)  1  P(t  d  T ) , where the probability of producing a live calf for

sale and the probability of losing the calf must sum to one.
When a producer estimates the net present value of a replacement female
(possibly pregnant), the female’s value is a function of the sum of the discounted
expected net future value of all possible calves and her expected salvage value. The net
present value for the i  [1, I ] buyer of the n  [1, N ] replacement female at auction is
identified as

 F |an

NPVin   i  E V f 1    (a)n   E V f 1    ( A  z )n   ,
t ,n
n

 f 2
 

where  i is the buyer’s discount factor. The expression,

F an

 E V
f 2

(3.2)

 , is the sum of the

f 1 n

expected net future returns of possible future calves, similarly calculated as E V f 1  t , n
from equation (1), for the exception that there is a probability the animal will not
conceive (not mathematically expressed in equation 2). If the replacement female is nonpregnant, then E V f 1  t , n  0 and the expected future calves equation becomes
F an

 E V
f 1

f

 . Assuming the female is currently pregnant and five years of age, the buyer
n
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may expect additional calves until 10 years of age, conditional on the probability of
conception. The expression  ( A  z ) n is the expected salvage value at age A  z ,

z [t  0, w] , possibly around age 11 after weaning ( w) her last calf. Finally, the
expected future values of calves and the salvage value of the female are weighted by the
discrete expected survival probabilities of the female at various ages  ( a ) n , where

 (a)'n  0 under classical assumptions of continuous survival functions. The net present
value is therefore, influenced by the age of the female. There is an inverse relationship
between the replacement female’s age and net future values of the calves by definition
because there are fewer future calves expected as the female ages. Additionally, the
survival rate of females is expected to decrease as she ages. Overall, the older the female
is at auction, the less value she is to the buyer.
The discussion of the elements of the valuation equation (2) identified the impacts
of only one physical characteristic of a replacement female: age. However, buyers at
auction form an estimate of NPVin given a more extensive vector of observed physical
characteristics (Κ ) , such as breed composition and body condition. These characteristics
may influence the buyers’ beliefs about the value of her calves, as well as her
reproductive potential. For instance, in equation (2), the values of the first and subsequent
calves are a function of the physical characteristics the calf possesses (Parish et al.,
2018). It is expected that a subset of the dam’s physical characteristics (κ  Κ) will be
expressed in the physical characteristics of her calves (Ω) . The characteristics of the dam
are signals of growth potential and value of the calves, such as breed composition,
muscling, and frame size. Because only a portion of the female characteristics will be
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expressed in her calf (Parish, 2018), the observable characteristics of the dam are
expected only to be positively correlated with that observed in the calf, ( )  0 . Other
physical characteristics of the replacement female are related to the expected
reproductive success ( ζ  Κ , some of which may equal κ ). These characteristics may
influence the female’s ability to conceive, carry a live fetus to term, calve, produce milk,
and exhibit nurturing and protective behaviors, all of which lead to ultimately weaning a
healthy calf. These characteristics, as mentioned above, may include frame size, body
condition, or temperament. Therefore, equation (2) can further be detailed as a
characteristics-based function,

 F |an

NPVin   i  E V f 1 (K )     K , a n   E V f 1 (K )    (K , A  z ) n   .
t,n
n

 f 2
 

(3.3)

The net present value of the nth replacement female can be estimated using the female’s
physical characteristics  K  as signals of her potential reproductive success as a
replacement female and the value of her future calves. The marginal impacts of each K
characteristic on the various elements of equation (3) can be complicated and may not be
strictly positive or negative for all elements. For instance, the age of the female, an , can
increase the joint conditional probability of the live birth of the current calf and its
survival to market (Herring, 1996). However, the expected number of future calves,

F | an , is necessarily reduced. Depending on the weights the buyer places on the
consequences of age, the impact on NPVin could be net positive, negative, or neutral.
Given the buyer’s weighting and beliefs of impacts are unobservable to the
econometrician, the net marginal values of the vector of physical characteristics can be
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indirectly estimated by a hedonic analysis as proposed by Ladd and Martin’s input
characteristic model (ICM). The ICM represents an extensive contribution to the beef
sector by evaluating price determinants of livestock at various stages of production or use
(Parcell, Schroeder, and Hiner, 1995; Neibergs, 2001; Williams et al., 2012; Mitchell,
Peel, and Brorsen, 2017).
Generally in an ICM framework, the price of the nth replacement female observed
at auction, Pn , can be characterized as the summation of the winning bidder’s net present
values for various physical characteristics, K n , and current and expected market factors,
M , such as production inputs and feeder calf prices. A general representation of the

hedonic pricing model is

Pn  f  K n , M  .
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(3.4)

CHAPTER IV
DATA AND A PRIORI EXPECTATIONS
4.1

Data
Animal-related data collected for this research were strictly observed in a public

setting. Therefore, approval from the Institutional Animal Care and Use Committee
(IACUC) was not necessary. Acknowledgements and appreciation are expressed to the
Mississippi Beef Council, Southeast Mississippi Livestock, Mississippi Beef Cattle
Improvement Association, and Livestock Producers Association Stockyard for their
support financially. However, these organizations are not affiliated with the data
collection, findings, or interpretations of this research.
The data for this research were collected by trained livestock evaluators from May
5, 2014 to May 4, 2015 at seven stockyards in Mississippi. The auctions were located in
northeast, southeast, and southwest Mississippi. As a condition for data collection,
anonymity of stockyard locations is maintained. These auction sites were chosen based
on the willingness of stockyard participation, total volume of cattle sold weekly and
distance of auction locations from the evaluators (Parish et al., 2018). To collect the
physical characteristics data within the short window of time it takes to sell an animal
(roughly 30 seconds), trained evaluators worked in teams of two to three per sale (Parish
et al., 2018). All trained evaluators were given a standardized key with defined
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characteristic levels to use throughout the collection process to minimize scoring
discrepancies among evaluators. The scoring key can be found in Appendix A.
At the end of the data collection process, a total of 11,854 market and replacement
cattle were evaluated. These data contained 7,555 market cows and 4,299 replacement
females. A market cow is destined for slaughter. The auctioneer designated this type of
cow by selling on a dollars per pound basis. A replacement female for this research is
defined as a female intended specifically for breeding to produce calves for beef
production. The auctioneer designated this type of female by selling on a dollars per head
basis. Because data were not collected on buyer identity, some animals identified as
market cows may have been sold to cow-calf producers, whereas some replacement
females may have been sold to stocker operations or beef processors. Given the expertise
of the auctioneers, it is likely the misidentification is sufficiently small.
After excluding observations with missing values, the final data set contains 7,467
market and 3,571 replacement females. Descriptive statistics are not reported for market
cows as only the within auction market cow average price is utilized. The variables
collected and used in this analysis are reported in table (4.1). Along with the variable
descriptions are the related means or frequencies, classes, and reference categories used
in this analysis.
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Table 4.1

Variable definitions, scales, and summary statistics; N  3,571
replacement females.

Pricen (Dependent Variable)

Description and Summary Statistics (mean  SD OR
percent frequency)
Price per head in dollars (1569.06  477.19)

Agen

Age in years (4.59  1.69)

Characteristic

b

Pregnancy status; 0 or 1 dummy variable,

Pregnantn j

j classes = Pregnant (74.60%);

reference = Open (25.40%)

Pregnantn j MonthsPregnantna If pregnant, number of months pregnant (3.45  2.64)
DueDaten j

a

Expected month calving will occur; 0 or 1 dummy
variable for month, j classes = January (11.07%),
February (11.45%), April (11.04%), May (9.38%),
June (7.62%), July (5.07%), August (4.80%),
September (4.50%), October (5.52%),
November (7.51%), December (9.80%);
reference = March (12.24%)

Pairn j

0 or 1 dummy variable if calf by side;
j classes = Pair (16.97%);

reference = No calf (83.03%)

Uddern j

Udder suspension score; 5-point scale (1 = Very tight
and pronounced suspensory ligament, 5 = Very loose
and very weak suspensory ligament); 0 or 1 dummy
variable, j classes = Udder 1 (17.19%),
Udder 2 (41.25%), Udder 3 (32.12%);
reference=Udder 4 to 5 (9.44%)
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Table 4.1 (continued)

Teatn j

Teat size score; 5-Point scale (1=Very small and
symmetrical, 5=Very large and variable size); 0 or 1
dummy variable, j classes= Teat 1 (43.38%),
Teat 2 (39.37%), Teat 3 (14.28%);
reference=Teat 4 to 5 (2.97%)

Temperamentn j a

Temperament score; 5-Point scale (1=Calm,
5=Extremely Aggressive); 0 or 1 dummy variable,
j classes = Temperament 1 (49.90%),

Temperament 2 (32.26%), Temperament 3 (12.15%);
reference=Temperament 4 to 5 (5.68%)

Weightn j

live body weight in pounds (lbs.) (1000.27  187.81)

BCSn j

Body Condition Score; 9-point scale (1 = Emaciated, 9
= Excessively Obese); 0 or 1 dummy variable,
j classes = BCS 4 (18.82%), BCS 5 (40.46%), BCS 6

(26.88%), BCS 7 (9.30%), BCS 8 to 9 (1.38%);
reference = BCS 1 to 3 (3.16%)

Framen j

Skeletal size. 0 or 1 dummy variable,
j classes = small (7.64%), large (14.37%);

reference = medium (77.99%)

Musclen j

Muscling score; 4-point scale (1 = Very thick, 4 =
Very Thin). 0 or 1 dummy variable,
j classes = Muscle 1 (4.12%), Muscle 2 (36.66%),

Muscle 3 (50.94%);
reference = Muscle 4 (8.29%)
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Table 4.1 (continued)

Locomotionn j a

Locomotion score; 5-point scale (1 = Sound, 5 =
Extremely lame). 0 or 1 dummy variable,
j classes = Locomotion 1 (87.03%),

Locomotion 2 (11.68%);
reference = Locomotion 3 to 5  3  5; 1.29% 

Breedn j

Breed composition; 0 or 1 dummy variable,
j classes = Angus Cross (12.29%),

Beefmaster OR Beefmaster Cross (1.71%),
Brangus (20.64%), Brangus Cross (1.57%),
Brahman (0.81%), Brahman Cross (7.17%),
Charolais (1.82%), Charolais Cross (5.82%),
Hereford (3.81%), Hereford Cross (0.51%),
Holstein (1.32%), Holstein Cross (0.62%),
Red Angus (3.16%), Red Angus Cross (0.17%),
Red Brangus OR Red Brangus Cross (2.49%),
Simmental (1.46%), Other Beef (6.38%),
Other Dairy (1.32%);
reference = Angus (26.86%)

MonthSoldn j

Month sold. 0 or 1 dummy variable for month,
j classes = January (5.24%), February (4.96%),

April (8.93%), May (7.22%), June (4.06%),
July (8.23%), August (13.55%), September (11.37%),
October (12.57%), November (9.13%),
December (6.89%);
reference = March (7.84%)
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Table 4.1 (continued)

MktCown

a

FeederCalvesn a

Average market cow price within sale

 $1.30 / lb  0.32
Average feeder calf price within sale

 $2.76 / lb  0.27 
CornFuturesn
a

Average corn futures price week of sale
 $3.76 / bushel  0.38

New Variables to be estimated.
N  2,724 ; Excludes broke, short, and no mouth cattle.

b

4.2

A priori Expectations
In this section, a priori expectations are developed for each of the variables listed

in table (4.1) based on the literature and their respective impacts on the conceptual net
present value model in equation (3). A summary of the variables’ expected signs is
provided at the end of this section in table (4.3). Also provided in table (4.3) is the
consistency check of premiums/discounts for comparable characteristics between
replacement females and their calves as analyzed in Parish et al. (2018).
4.2.1

Age
The age of replacement females ranges from one year of age to nine years of age.

As shown in table (4.1), only 2,724 data points are used to find the average age. This is
due to 847 replacement females marketed as broke, short, or smooth mouth, which is how
the auction classifies a cow’s age if the actual age cannot be reported by dental
examination. A short-mouthed cow is one which has all or most of her teeth, but they
show wear. A broke-mouthed cow is missing teeth, or some teeth are broken. A smoothmouthed cow has lost all her teeth or they are worn extremely smooth, thus causing
24

difficulty eating (Parish and Karisch, 2013). When marketed as short-, broke-, or smoothmouthed, there is no definitive way to verify the true age of the female. However, it is
unlikely a young female suffers from such a condition. Even if the female is younger,
with worn or lack of teeth, the female’s probability of survival decreases, and both
reproductive success and number of calves produced decreases. In either case and based
on longevity, any female reported as broke-, short-, or smooth-mouthed is categorized as
a ten-year-old.
The age of a female signifies the expected number of calves the female could
produce in what remains of her lifespan. As a female’s age increases, the number of
possible future calves she will produce necessarily decreases. Therefore, it is expected the
net present value of the replacement female decreases with age, as found in previous
studies (Parcell, Schroeder, and Hiner, 1995; Mitchell, Peel, and Brorsen, 2017).
4.2.2

Pregnancy Status
Pregnancy status is confirmed by a state licensed veterinarian at the auction who

reports if a replacement female is non-pregnant (open) or pregnant. In this study, 907
replacements were sold as non-pregnant. A producer deciding to buy an open
replacement female risks the likelihood that she is incapable of conceiving or carrying a
live calf to term.
If the female is open, there is a higher probability she will have fewer future
calves in her lifespan because of the time required to successfully get her pregnant, if she
becomes pregnant at all. Therefore, the total expected value of future calves will decrease
for open replacement females. Ultimately, it is believed the net present value of a
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pregnant replacement female should be higher relative to an open replacement female.
This belief is supported by previous research (Parcell, Schroeder, and Hiner, 1995).
4.2.3

Months Pregnant
Once pregnancy is verified by the veterinarian, he or she determines how far

along the female is in gestation. The length of pregnancy ranges in the data from one
month pregnant, the earliest pregnancy can be detected by palpation, to nine months
pregnant. Assuming the potential buyer believes the veterinarian’s estimate, the buyer
must then take into account the probability of abortion as discussed in the conceptual
model section.
Research has found the risk of abortion of is highest early on and typically
decreases until birth (Forar et al., 1995; Silke et al., 2002; Santos et al., 2004; Lonergan et
al., 2016). Therefore, it is believed that as months pregnant increases, the probability of
abortion decreases and the expected value of the unborn calf increases. Therefore, the net
present value of a replacement female is expected to increase as gestation progresses.
Mitchell, Peel, and Brorsen (2017) confirm this as discounts for pregnant females
decreased as pregnancy duration increased.
4.2.4

Expected Due-Date
Given the information of months pregnant, it is possible to calculate the expected

due-date for a pregnant replacement female. This new variable is determined by
DueDate  MonthSold  (9  MonthsPregnant ) ,

(4.1)

where due-date is estimated by the summation of month sold (i.e. January = 1, December
= 12) and the number of months remaining in the pregnancy.
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In the Southeastern region of the United States, calving and breeding seasons can
vary widely due to warmer winter months. This allows some producers to maintain a
nearly continuous calving season. As such, the expected due dates estimated in the data
range from January through December. The majority of replacement females in the data
were expected to calve in the spring or winter (table 4.1). The month with the greatest
frequency is March, and will thus be used as the reference category.
In more detail, table (4.2) defines four calving seasons per calendar year. It is
believed females expected to calve in the summer will be discounted heaviest in
Mississippi. This is due to heat stress and reduced forage nutritive value in the summer
months and increases the likelihood of dystocia or difficulties of newborn calf
survivability.
Table 4.2

Distribution of expected due-dates categorized into calving seasons.

Season

Frequency

Percent

Springb
Summerc
Falld
Wintere

870
466
467
861

32.66
17.49
17.53
32.32

Cumulative
Frequency
870
1336
1803
2664

Cumulative
Percent
32.66
50.15
67.68
100.00

a

Open Cows/Heifers not included.
March, April, May
c
June, July, August
d
September, October, November
e
December, January, February
b

4.2.5

Cow-Calf Pairs
Previous studies have shown a female with a calf at her side receives a premium

compared to one without a calf (Parcell, Schroeder, and Hiner, 1995). A female with a
calf at her side has proven her ability to conceive, carry a live calf to term, and increases
27

the probability that she can care for a calf until weaning. As such, it could be reasonably
expected that a cow with a calf has a higher probability of conceiving again and
producing future calves. Therefore, it is hypothesized a replacement female with a calf
will bring a higher net present value. Ultimately, it is expected that a pregnant female
with a calf by her side will bring the greatest premium at an auction compared to open
replacement females with no calf.
4.2.6

Udder and Teat Scores
Less desirable conditions of a replacement female’s udder and teats are expected

to negatively impact the likelihood of weaning a live calf and the expected value of the
calf. Udder suspension scores range from a score of 1 to 5. An udder scored as 1 is very
tight to the body cavity, whereas a score of 5 is extremely loose and has a pendulous
attachment (Rasby, 2018). Poor udder suspension can negatively impact udder sanitation
and health. Without an udder tight to the body cavity, the calf is at an increased risk of
illness if udder and teats have become infected by being dragged through mud or debris.
Teat size is also scored on a scale of 1 to 5. Teats scored as 1 are extremely small and a
score of 5 indicates very large and varying size teats. Poor teat size and symmetry can
lead to a decreased weight in weaned calves from difficulty in nursing or force the
producer to intervene, which can also be costly.
Ultimately, poor udder or teat scores not only negatively impact the expected
value of the unborn calf she is currently pregnant with but also the value of future calves.
Therefore, it is expected that relative to a greater (less desirable) udder and teat score of 4
or 5, female replacements with lesser scores will receive a premium.
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4.2.7

Temperament Score
The temperament of a replacement female is measured as her aggression or

docility in the sale ring. Aggression in a replacement female may be costly for producers.
Not only can a bad temperament affect the handling and care for these females and their
calves, but there is also a strong correlation between temperament and conception.
Female’s with a more docile disposition have a higher pregnancy rate during the breeding
season of around 90% whereas aggressive females have a lower rate of 70% (Cooke et
al., 2009).
Given previous literature, an excessively bad temperament may negatively impact
the number of future calves. Therefore, replacement females who have a calmer
disposition are expected to bring a higher value at auction compared to more
temperamental cattle.
4.2.8

Weight
As a cow’s weight increases, she is more likely to produce a heavier and more

valuable weaned calf (Doye and Lalman, 2011). Research has determined that producers
are willing to pay a significant premium of at least $50/head for heavier weight heifers
(Parcell et al., 2003). It is therefore expected that as a cow’s weight increases, the
expected value of the unborn calf she is currently pregnant with and future calves
increases. Therefore, the value of a replacement may be positively impacted as her
weight increases.
However, as a replacement’s weight increases, her nutritional requirements and
cost of production also increase. With feed cost being one of the most dominant factors
affecting operation profitability (Miller et al., 2001), the added income from heavier29

weaned calves may not outstrip the additional feed cost necessary for the replacement
female as shown by Bir et al. (2018). Because of the increased costs associated with a
significantly heavier replacement female, it is believed as the weight increases, the
increase in a replacement female’s net present value may be mitigated at higher weights,
resulting in a more quadratic relationship.
4.2.9

Body Condition Score
The body condition of a replacement female, defined as the amount of fat cover,

indicates energy reserves available to the animal. During pregnancy and calving, a high
demand is placed on these energy reserves. An initial poor body condition can impact all
categories of reproductive success (Parish and Rhinehart, 2008) including the expected
value of the unborn calf.
With a low body condition score at the time of calving, replacement females may
struggle to produce a sufficient amount of milk and decreases the chances of weaning a
live calf, thus lowering the value of the unborn calf. Low body condition scores can also
cause replacement females to be slower to rebreed, thus impacting the number of future
calves. Just as with low body condition, over conditioned, or excessively fat replacement
females, can have calving problems due to fat deposits reducing the size of the birth
canal. Excessive feed costs can also accumulate for over-conditioned females (Parish and
Rhinehart, 2008).
A BCS of 5 at calving is recommended for mature pregnant females who have
reached their full growth potential and a BCS of 6 at calving for replacement females
whose nutritional needs are greater (e.g. heifers). It is expected that relative to a BCS
score of 1, 2 or 3, scores of 5 or 6 will bring premiums. Replacement females with BCS
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scores of 7, 8, or 9 will likely bring a higher price compared to the reference category, but
premiums will be lower than with body condition scores of 5 or 6. Therefore, there is no
incentive to reach any higher BCS score than 6, as was determined in the Parish et al.
(2018) study.
4.2.10

Frame Size
Frame size of a replacement female is determined at a particular age by hip height

and is associated with the growth rate (Vargas et al., 1999). Evaluating the frame size for
replacement females is useful in determining the expectations of calf frame size due to
the female’s genetics being passed on to the calf. Feeder calf buyers paid an equal
premium for large- and medium-frame size but discounted small-framed calves (Parish et
al., 2018).
In previous studies, large-framed replacement females brought a premium
compared to medium-framed females (Parcell, Schroeder, and Hiner, 1995). However, it
has also been found that the calving rate in large-framed cows is more than 25% lower
than that in small and medium-framed females (Vargas et al., 1999). It was also shown
smaller frame sized females with acceptable body conditions were more likely to
conceive quicker than large-framed cows (Vargas et al., 1999). Therefore, it is believed
in this research a discount will be placed on large-framed females rather than smallerframed females relative to medium-framed replacement females.
4.2.11

Muscle Score
Muscling score denotes the degree and presence of muscle. Evaluation of muscle

score for replacement females is useful for buyers in determining expectations of calves
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produced and their values. Studies across the United States have found that buyers are
willing to pay a premium for heavier-muscled calves and discount thin-muscled calves
(Williams et al., 2012; Parish et al., 2018). A muscle score of 4 indicates a very thinmuscled female and can signify a possible lower value for her calves. Therefore, relative
to a muscling score of 4, scores 1 through 3 are expected to receive a premium.
A thick muscling score may also have a positive impact on the salvage value of a
replacement. With thick muscling, the replacement female’s salvage value may be
greater when culled because of the possibility of more red meat.
4.2.12

Locomotion Score
A new variable included in this replacement female valuation analysis is

locomotion. Locomotion is related to the health and wellbeing of any animal. The
locomotion score is determined by observing the replacement female standing and the
fluidity of her gait. This method evaluates the posture of the back and scores can range
from 1 to 5. A locomotion score of 1 signifies the female stands and walks normally with
a level back. A score of 5 indicates extreme lameness with excessive arching of the back.
Normally, cattle with a score of 5 are highly reluctant to move which affects their ability
and desire to eat. Lameness in cattle can negatively affect the reproductive success of a
replacement female by impacting her body condition or impairing the female’s ability to
stand for natural service breeding.
Therefore, the expected value of the unborn calf may be negatively impacted,
when locomotion scores are higher. The probability of future calves may also be
negatively impacted due to the possibility of lower health conditions causing lower
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conception rates. In all, it is expected that as locomotion score increases, the net present
value of the female is expected to decrease.
4.2.13

Breed Composition
Breed is difficult to assign an a priori expectation because of the wide variety of

producer preferences within and across regions of the United States. However, using the
Parish et al. study (2018) as a reference, expectations are assigned. The breed of the
female not only influences reproductive success but also the expected value of the calves
through the dam’s genetics. When producers select replacement females that ‘best’ fit
their operations, more than one trait is normally considered. A breed’s adaptability to
climate is also valued by many Mississippi cattle producers.
Parish et al. (2018) reported buyers preferred beef crossbreed calves, such as
Angus or Brangus crosses, over dairy breeds. Therefore, using Angus as the reference
category, it is expected that a crossbreed may bring a higher price. This is believed to be
due to maternal heterosis and the additional productivity and longevity reported for
crossbred females over their straightbred counterparts (Weaber, 2010).
4.2.14

Month Sold
To account for seasonality of prices, the study controls for the month in which the

replacement female is sold. Replacement females typically garner lower values in the fall
months due to seasonal production and marketing patterns (Peel and Meyer, 2002). Many
females calve in spring months, therefore culling decisions typically occur in the fall after
calves have been weaned. The market thus becomes saturated with replacement females,
consequently decreasing average prices. March is seasonally the month with the highest
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cull cow prices within a year on average. Thus, it is hypothesized relative to March sold
replacement females, cattle sold in the eleven other months are discounted.
4.2.15

Average Market Cow Price
Females that are older or do not conceive after a breeding season are often culled

from the herd because they are expected to no longer be reproductively and economically
efficient. A female that is not pregnant after the breeding season is typically culled as
soon as possible to avoid maintenance costs and the uncertainty of reproductive
inefficiency. When a replacement female is culled, she can be sold as a market cow for
harvest or as a replacement for another herd. The market cow price represents a price
floor for the current replacements and possibly a naïve expectation of future salvage
value. The average market cow price ( AMCP ) is used as a floor value for all cows sold
at a particular auction location and is new to the literature. The explicit formula for the
floor price is
AMCPnls 

 MCP

ls

QMCls

(4.2)

where AMCPnls for the nth replacement female is found by the summation of market
cow prices ( MCP ) for auction location l during auction date s divided by the quantity of
market cows sold ( QMC ) at the specific auction. It is believed as the average price of
market cows increases, the salvage value increases; therefore, the net present value of a
replacement female increases.
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4.2.16

Average Feeder Calf Price
The purpose of the cow-calf industry is to produce calves used for further beef

production. Cattle auctions typically sell feeder calves, market cows, and replacement
stock at the same auctions. The feeder calf price is used in place of feeder futures as this
is the actual price producers use to develop naïve expectations on what their feeder calves
can bring at an auction location. The explicit formula for this current naïve expectation of
calf values is

AFPnls 

 FP

ls

QFls

,

(4.3)

where AFPnls for the nth replacement female is found by the summation of all feeder calf
prices (FP) at auction location l on a specific auction date s divided by the quantity of
feeder calves sold (QF). It is expected that as the average feeder calf price increases, the
expected value of the unborn calf will increase, thus increasing the net present value of
the replacement female producing the calf.
4.2.17

Corn Futures
Because of the positive relationship between corn prices and feed costs, it is

recognized that as the price of corn rises, the cost to maintain replacements and calves
increases. As the price of corn increases, the costs associated with raising the calf to
market increases. The added cost leads to the expected value of the unborn calf
decreasing. To determine the price of corn, nearby futures contracts for the week of the
sale are used as a proxy for future feed costs. Additionally, it is expected as corn prices
increase, the value of calves will drop, thus decreasing replacement female net present
value.
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4.2.18

Summary of a priori Expectations
Table (4.3) gives a summary of variables used in this research, their expected

impact on the reproductive success of a female replacement and expected value of calves,
the research’s net expectation, and the results from Parish et al.’s (2018) feeder calf
study. It is believed similar characteristic influences (premiums/discounts) should be
found between this study and the feeder calf analysis. If differences exist, this signals a
tension between selecting replacement females characteristics based on lifetime
production efficiency and characteristics based on calf values. Variables denoted as
‘N/A’ are those that were not evaluated in the feeder calf study or do impact reproductive
success or calf values.
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Table 4.3

Expectations of replacement female physical characteristics compared to
feeder calf study (Parish et al., 2018).

Variable

Age
Pregnanta
Months Pregnant
Due Januarya
Due Februarya
Due Aprila
Due Maya
Due Junea
Due Julya
Due Augusta
Due Septembera
Due Octobera
Due Novembera
Due Decembera
Paira
Udder 1a
Udder 2a
Udder 3a
Teat 1a
Teat 2a
Teat 3a
Temperament 1a
Temperament 2a
Weighta
BCS 4
BCS 5
BCS 6
BCS 7
BCS 8-9
Small Framea
Large Framea
Muscle 1a
Muscle 2a
Locomotion 1a
Locomotion 2a

Reproductive
Success
(Category 1, 2, or 3)b
> (1, 2, 3)
> (1)
> (2)
< (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
> (1, 2)
> (3)
> (3)
> (3)
> (3)
> (3)
> (3)
> (1)
> (1)
> (1, 2, 3)
> (1, 2, 3)
> (1, 2, 3)
> (1, 2, 3)
> (1, 2, 3)
> (1, 2, 3)
> (2)
< (2)
N/A
N/A
> (1, 2, 3)
> (1, 2, 3)
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Expected
Value of
Calf/Calves
<
>
>
<
<
<
<
<
<
<
<
<
<
<
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
<
>
>
>
>
>

Net
Expectation

Calf
Study

<
>
>
<
<
<
<
<
<
<
<
<
<
<
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
<
>
>
>
>

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
>*
>*
<*
>*
>*
>*
>*
>*
<*
>
>*
>*
>*
>*

Table 4.3 (continued)
Angus Crossa
Beefmaster OR
Beefmaster Cross
Brangus
Brangus Cross
Brahmana
Brahman Crossa
Charolaisa
Charolais Crossa
Hereforda
Hereford Crossa
Holsteina
Holstein Crossa
Red Angusa
Red Angus Crossa
Red Brangus OR
Red Brangus Crossa
Simmentala
Other Dairya
Other Beefa
Month Solda
Average Market Cow Price
Average Feeder Calf Price
Corn Futures

> (1, 2, 3)

>

>

>*

> (1, 2, 3)
< (1, 2, 3)
> (1, 2, 3)
< (1, 2, 3)
> (1, 2, 3)
< (1, 2, 3)
> (1, 2, 3)
< (1, 2, 3)
> (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
> (1, 2, 3)

>
>
>
<
>
>
>
>
>
<
<
>
>

>
<
>
<
>
>
>
>
>
<
<
>
>

>*
<
>*
<*
>*
>*
>*
>*
>*
<*
<*
>*
>*

> (1, 2, 3)
> (1, 2, 3)
< (1, 2, 3)
< (1, 2, 3)
N/A
N/A
N/A
N/A

>
>
<
<
<
>
>
<

>
>
<
<
<
>
>
<

>*
>*
N/A
N/A
N/A
N/A
N/A
N/A

a

Relative to reference category in table (4.1).
Categories: 1-Conception 2-Carry a live calf to term 3-Care for calf until weaning.
*Significant in Parish et al. (2018) feeder calf study.
b
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CHAPTER V
EMPIRICAL ESTIMATION STRATEGY
When conducting an econometric analysis of economic data, there are three
general data types: cross-section, time-series, or pooled cross-section time-series data.
Cross-sectional data are collected at a single point in time across multiple cross-sections.
For instance, in this analysis seven auction locations are observed across the same time
period. Time-series data observe variables over multiple time periods. The time-series
component for this analysis is represented as the order animals are sold within and across
auction locations over time. Therefore, the data for this analysis are best described as
pooled cross-section and time-series data, or panel data. This chapter develops the
appropriate model for the data and discusses various estimation concerns with respect to
error corrections and, if present, identify how the standard errors will be corrected.
5.1

Model Specification
When using panel data, it is necessary to account for various possible sources of

heterogeneity in the data. Based on similar studies, (Williams et al., 2012; Mitchell, Peel,
and Brorsen, 2017), there is believed to be heterogeneity among the data’s cross-section
component (auction locations). To account for heterogeneity, two possibilities exist:
fixed-effects (FEM) or random-effects (REM) model specifications. A fixed-effects
model (FEM) specification allows the intercept to vary across the cross-sections, and the
errors remain constant over time. When a FEM is applied, ordinary least squares (OLS)
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includes dummy variables to account for heterogeneity in the cross-sections and it is
assumed the errors are correlated with one or more independent variables. In other words,
the unobserved heterogeneity is correlated with the independent variables. However, if
the unobserved heterogeneity is uncorrelated with the independent variables, hence the
errors are uncorrelated with one or more independent variables, then a REM is more
appropriate. The potential source for random effects in the data may come from
unobserved heterogeneity in bidder competition and auctioneer strategies, both of which
may change across locations. Furthermore, the REM’s common intercept represents the
mean value of all cross-section intercepts. The cross-section error term is the deviation of
each cross-section from that mean value. This model is estimated using generalized least
squares (GLS), and the differences across each auction location are represented in a
cross-sectional error term.
The decision of whether a FEM or REM specification is more appropriate will be
made by conducting the Hausman test (Hausman, 1978). The null hypothesis for the
Hausman test is that the REM is the more appropriate model due to the FEM producing
inefficient estimates. If the null hypothesis is not rejected, this indicates that the REM is
the proper model specification and GLS the efficient estimation.
The time-series component is the order each animal is sold at each auction
location throughout the data series. To maintain consistency with econometric notation
for a time-series component, the previous notation for length of gestation t , will now
represent the order the nth animal is sold. The framework to begin the discussion of a
FEM versus REM specifications begins with the following model:
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Pricelt  zt'   xlt'    lt ,

(5.1)

where z t is the common intercept term and reflects heterogeneity among group specific
variables.
If the Hausman test indicates that REM is more appropriate, this signifies that the
unobserved heterogeneity, such as bidder competition, are uncorrelated with independent
variables xlt , such as months pregnant or body condition. The REM can be estimated as

Pricelt    Xlt   ul   lt ,

(5.2)

where individual auction location effects are reflected randomly through the randomeffects error term, u l . The intercept for each auction is now shown as

1l  1  ul

(5.3)

where 1 is the common intercept value among all auction locations and u l is the
random error term for l auction location.
A two-step approach is utilized to estimate the REM. The first step is to attain the
variance component estimates of  2 and  u2 . The number of observations per auction
location is unbalanced. Because of the unbalanced nature of the data, the Wansbeek and
Kapteyn method is used to estimate the variance components. This method uses a
quadratic unbiased estimation that compares the realized quadratic forms of the residuals
to the expected values to calculate variance components (Wansbeek and Kapteyn, 1989).
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Once the variance component estimators are calculated, the estimates are used to create a
weighting factor for OLS regression based on group means.
If the Hausman test indicates the FEM is more appropriate, this specification
assumes that heterogeneity across auction locations can be specified in the constant
intercept term  l . In the model,
Pricelt  l  xlt'    lt ,

(5.4)

a  zt'  represents the group-specific effects that do not vary over time but are
correlated with the matrix of physical characteristics and market factors xlt . If a FEM is
applied, auction location dummy variables will be utilized to recognize the heterogeneity
between auctions. Due to lower volumes in auctions A, B, C, and D, these auctions are
combined and used as the reference category to avoid the dummy-variable trap. Auctions
E, F, and G are delineated using dummy variables.
The panel attributes of the data also give rise to several other possible estimation
concerns. Heteroscedasticity issues have been identified in past studies using similar data
constructs with respect to age, weight, and months pregnant (Parcell, Schroeder, and
Hiner, 1995; Williams, et al., 2012; Mitchell, Peel, and Brorsen, 2017; Parish et al.,
2018). Because of the time-series nature of the data and the possibility of omitted
variables (e.g. degree of bidding competition), serial correlation may also be of concern,
as was the case in Parcell, Schroeder, and Hiner (1995) study and Coatney, Shaffer, and
Menkhaus. (2012). Finally, the large number of variables considered in the analysis may
give rise to multicollinearity issues.
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Currently, no tests exist for identifying these problems using a panel procedure
with unbalanced data. Using the second-best alternative, OLS is conducted on a FEM.
Using this model does not entirely indicate problems in the panel data. However, it does
give an indication there could be possible estimation concerns. The following OLS FEM
model is estimated to test for estimation concerns.
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Pricet   0    k xk   21LocationEt   22 LocationFt   23 LocationGt   t

(5.5)

k 1

5.2

Heteroscedasticity
Heteroscedasticity arises when residuals have differing variances across

observations with respect to explanatory variables and has been a concern in similar data
series (e.g. weight in Mitchell, Peel, Brorsen (2017) and Parish et al. (2018)).
Symbolically, this is represented as
E  v2    v2

(5.6)

where the variance of each disturbance term,  v , is no longer constant, but depends on
the ordering of a specific explanatory variable v . While OLS estimates are unbiased,
consistent, and normally distributed, with heteroscedasticity present, they are no longer
efficient due to over or underestimated standard errors. Therefore, if heteroscedasticity is
not corrected, conclusions drawn based on OLS have the possibility of being misleading
and estimates are no longer the best linear unbiased estimators (BLUE) (Gujarati and
Porter, 2009, pp. 371).
The White’s test is conducted to test for general heteroscedasticity. Using White’s
general heteroscedasticity test, three steps are taken according to Gujarati and Porter
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(2009, pp. 387). 1) The original model is estimated and residuals from the model
obtained. 2) Once residuals are obtained, the auxiliary regression is run. The squared
residuals are regressed on original explanatory variables, squared values, and cross
products of the variables. The R 2 is obtained from the auxiliary regression. 3) The
sample size multiplied by the R 2 gives the chi-square value. If the chi-square value is
greater than the critical value, then heteroscedasticity is present.
Though the White’s test detects the presence of heteroscedasticity generally, it
does not identify its source. Therefore, if heteroscedasticity is present, the GoldfeldQuandt (GQ) test is applied to determine specific variables that are heteroscedastic. The
alternative hypothesis for this test assumes H1 : 12   22 

  T2 . After sorting the data

by a specific explanatory variable, observations can be arranged by increasing variances
(Judge et al., 1988, pp. 371). Using the GQ test requires partitioning the data into two
subsets. Under the null hypothesis of homoscedasticity, the residuals’ variances are equal
in both subsets (Greene, 2003, pp. 223). The subsets are defined as the first and last 3 / 8
of observations with the middle 1/ 4 of observations omitted. These observations are
omitted because they have little impact on the variance and also increase the power of the
test (Judge et al., 1988, pp. 371; Greene, 2003, pp. 223). Regressions models are
estimated using both subsets, and the residual sum of squares (RSS) are obtained. Upon
obtaining the RSS for both subsets, the  test statistics is calculated. The test statistic is
computed as



RSS2 / df
RSS1 / df
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(5.7)

It is necessary to compare this test statistic to a relevant F-distribution critical value. If 
is greater than the critical value at the preferred level of significance, the null hypothesis
of homoscedasticity is rejected as it pertains to a specific variable.
5.3

Serial Correlation
Serial correlation is defined as “correlation between members of series of

observations ordered in time or space” (Kendall and Buckland, 1971). Serial correlation
affects a hedonic model by affecting the efficiency of parameters, similar to
heteroscedasticity. Although parameters are unbiased, they are no longer the minimum
variance and it is possible to overestimate the accuracy of parameter estimates (Judge et
al., 1988, pp. 389). Parcell, Schroeder, and Hiner (1995) tested for serial correlation
among lots of cow-calf pairs. It is felt necessary to also test for serial correlation due to
the nature of this research’s data. It is possible for serial correlation to come from a
misspecification error or an omitted variable. An omitted variable may stem from
identification of the auction setting. Auction theory specifically identifies the impact of
competition (number and type). However, no such competition data were collected which
could lead to an omitted variable problem. Tests used to detect serial correlation are
founded on the idea that if the residuals are serially correlated, it can be detected through
autocorrelations of the least squares residuals,  , and the indicator is the slope, r , in the
reproduced regression shown as
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 t  r t 1  vt ,
 t  yt  xt' b.

(5.8)

.

 T

   t t 1 

r   t 2
T


t 1

2
t

If serial correlation is present, the slope will be an estimator of   Corr  t ,  t 1 
(Greene, 2003, pp. 268). To test the null hypothesis that    , a t-test or F-test can be
used based on the Lagrange multiplier principle. The Durbin-Watson test used in this
research is a modification of this approach.
The Durbin-Watson test is used to test for the presence of either positive or
negative correlation in this analysis. The Durbin-Watson d statistic, is the ratio of sum
of squared differences in consecutive residuals (Gujarati and Porter, 2009, pp. 434) and
calculated as


d

t n
t 2





t

  t 1

t n
t 1



2
t



2

,

(5.9)

where  is the error term. The d statistic lies between 0 and 4; if the statistic is 2, it can
be assumed there is no autocorrelation. A d statistic less than two signals the possibility
of positive serial correlation, while greater than two signals possible negative serial
correlation.
If heteroscedasticity and serial correlation are found present in the OLS FEM
(equation 12), then it is likely that these statistical issues are of concern in a panel
estimation procedure. If either or both of these statistical concerns are indicated, the
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generalized least squares procedure developed by Newey and West (1987) for estimating
the heteroscedasticity-and-autocorrelation consistent covariance matrix (HAC) will be
applied. The HAC estimator is
L T
L
t 1
l
2
 s t 
'
'
 HAC  p   lt xlt xlt'  p  m 
  lt  ls  xlt xls  xls xlt  ,
b


l 1 t 1
l 1 t 1 s 1
T

(5.10)

where m . is the real-valued kernel function, b is the bandwidth parameter, p is the
adjustment factor where p 

LT
( m alone is the number of parameters). The kernel
LT  m

is considered a weighing function and bandwidth is the smoothing parameter (Altman,
1992). This procedure is appropriate for unbalanced FEM or REM specifications.
5.4

Multicollinearity
Multicollinearity is a general concern in time-series data or when a large number

of explanatory variables are utilized. The impacts of multicollinearity impact the model
estimation in two ways. The first is the bias-variance tradeoff. This occurs when
explanatory variables are added/removed from the model and a high degree of variation
in parameter estimates results. Also with multicollinearity, standard errors become
sensitive to small changes in data, causing a bias in parameter estimates. As a result, there
is no way to interpret parameter estimates as the estimates can have the inaccurate sign
(Judge et al., 1988, pp. 860). Additionally, multicollinearity may be manifested by the
interrelationships between physical characteristics, such as weight and body condition
(Coatney, Menkhaus, and Schmitz, 1996).
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Based on a similar study (Mallory et al., 2016), collinearity is tested by means of
the variance inflation factor (VIF). The VIF assesses the correlation between explanatory
variables. The VIF statistics is computed as
VIF 

1
,
1  Rt2 

(5.11)

where Rt2 is the R 2 from the regression of xk on all other variables (Greene, 2003, pp.
57). The degree of collinearity is evaluated by the size of the variance inflation factor. As
the correlation between two explanatory variables reaches closer to one, the VIF
increases. If VIF exceeds 20, collinearity is an issue (Greene, 2003, pp. 58). If among the
physical characteristics interrelated multicollinearity is indicated, a system of equations
will be estimated to control for these interrelationships (Coatney, Menkhaus, and
Schmitz, 1996).
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CHAPTER VI
ECONOMETRIC MODEL AND RESULTS
The Hausman test indicated that auction location heterogeneity is best addressed
using an REM specification. Several statistical issues were also found in the FEM model.
First, heteroscedasticity is indicated to be an issue for the variable FeederCalveslt .
Second, positive serial correlation was also indicated. Finally, multicollinearity was
present between the linear and quadratic variables. No other variable’s VIF was above
14, eliminating the need to control for physical characteristic interrelationships.
Estimations for these results are found in Appendix B.
The final REM empirical model estimated is specified as

Pricelt    1 Aget   2 Aget2  3 Pr egnantt   4 Pr egnantt MonthsPregnantt
12

4

4

j 1

j 1

j 1

  5 j DueDatetj    6 jUddertj    7 jTeattj  8 wtt  9 wtt2
3

4

2

j 1

j 1

j 1

 10 Pairt   11 jTemperamenttj   12 j BCStj   13 j Frametj
3

4

18

11

j 1

j 1

j 1

j 1

.

(6.1)

  14 j Muscletj   15 j Locomotiontj   16 j Breedt   17 j MonthSoldtj
 18 MktCowt  19 FeederCalvest   20CornFuturest  ul   lt
In equation (19), t  1, 3,571 signifies the individual animal. All variables, their
definitions, and reference categories were presented above in table (4.1). Both age and
live body weight are also modeled in a quadratic form similar to previous studies
(Parcell, Schroeder, and Hiner, 1995; Williams et al., 2012, Parish et al., 2018).
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Parameter estimates, standard deviations, and significance for each variable are reported
in table (6.1). Following table (6.1) is a discussion of each variables’ estimates and its
relation to the a priori expectations and the results found in the feeder calf study by
Parish et al. (2018).
Table 6.1

Parameter estimates of replacement female hedonic model as compared to
feeder calf study (Parish et al., 2018).
Variable

Intercept
Age
Age Squared
Pregnant
Months Pregnant
Due January
Due February
Due April
Due May
Due June
Due July
Due August
Due September
Due October
Due November
Due December
Pair
Udder 1
Udder 2
Udder 3
Teat 1
Teat 2
Teat 3
Temperament 1
Temperament 2
Temperament 3
Weight
Weight Squared

Parameter
Estimate
509.54
-46.40***
-0.57
-96.68***
21.03***
-3.54
-18.00
3.89
-30.30
-58.55**
-46.30*
-80.85***
-24.68
7.76
-27.01
19.66
462.26***
80.21***
68.82***
50.09***
-17.14
19.48
3.17
-16.45
2.70
19.25
3.26***
-0.001***
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Standard
Error
349
9.84
0.73
29.10
3.11
19.48
19.43
19.48
21.69
23.62
27.47
31.14
34.27
29.32
24.54
24.59
29.22
26.64
21.18
18.40
35.44
34.14
36.39
22.30
23.13
24.06
0.30
0.00

Expectation
N/A
<
<
>
>
<
<
<
<
<
<
<
<
<
<
<
>
>
>
>
>
>
>
>
>
>
>
<

Feeder
Calf Study
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
>**
>***
>*
<***
<***

Table 6.1 (continued)
BCS 4
BCS 5
BCS 6
BCS 7
BCS 89
Small Frame
Large Frame
Muscle Score 1
Muscle Score 2
Muscle Score 3
Locomotion 1
Locomotion 2
Angus Cross
Beefmaster OR
Beefmaster Cross
Brangus
Brangus Cross
Brahman
Brahman Cross
Charolais
Charolais Cross
Hereford
Hereford Cross
Holstein
Holstein Cross
Red Angus
Red Angus Cross
Red Brangus OR
Red Brangus Cross
Simmental
Other Dairy
Other Beef
Sold January
Sold February
Sold April
Sold May
Sold June
Sold July
Sold August
Sold September

60.10**
93.50***
117.53***
138.31***
156.15***
-0.65
-38.68**
154.67***
82.88***
47.03**
103.00***
31.33
27.48*

26.77
26.88
29.27
35.35
47.15
19.79
16.50
41.90
25.80
22.35
37.38
20.16
16.04

>
>
>
>
>
<
<
>
>
>
>
>
>

>***
>***
>***
>***
>***
<***
>
>***
>***
>***
>***
>***
>***

-7.54
27.79**
96.16**
91.48
93.74***
-64.05**
-46.48**
-82.40***
-131.15***
-287.25***
-78.07
-53.89**
-125.56

38.93
15.31
43.18
78.16
28.66
31.11
21.02
22.55
44.46
51.38
68.69
23.71
99.24

>
<
>
<
>
>
>
>
>
<
<
>
>

>**
<
>***
<***
>***
>***
>***
>*
>**
<***
<***
>***
>*

-14.22
55.72
-132.10**
-137.74***
-289.93***
-11.19
-130.35***
-100.21**
-288.65***
-382.67***
-343.92***
-460.85***

31.89
36.09
60.47
22.01
36.54
55.59
34.03
52.21
51.63
59.84
57.21
63.74

>
>
<
<
<
<
<
<
<
<
<
<

>**
>***
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
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Table 6.1 (continued)
Sold October
Sold November
Sold December
Average Market Cow Price
Average Feeder Calf Price
Corn Futures

-410.69***
-360.36***
-196.92***
76.83
76.35**
-339.26***

63.14
46.02
35.04
48.43
42.75
53.82

<
<
<
>
>
<

N/A
N/A
N/A
N/A
N/A
N/A

Significantly different from zero at significance level α = 0.01, ** at α = 0.05, and * at α = 0.10.
R-Square: 0.6597

***
a

6.1

Age
The results of the age variables demonstrate that age is discounted at a decreasing

rate. This estimate supports the notion that as the number of calves a female is expected
to produce decreases, her value declines as well. Although it is believed that an older
replacement is less likely to have reproductive and calving problems, buyers significantly
value the number of calves she possibly has left to produce. Therefore, buyers appear to
be willing to accept the tradeoff of the risk of reproductive inefficiency of younger cattle
with the gains in productive longevity. These results are consistent with similar studies
that also find discounts for aging females (Mitchell, Peel, and Brorsen, 2017; Parcell,
Schroeder, and Hiner, 1995).
6.2

Pregnancy Status, Months Pregnant, and Cow-Calf Pairs
The estimates for pregnancy status is inconsistent with the research results

reported by Parcell, Schroeder, and Hiner (1995) in which pregnant replacement females
bring a premium compared to open replacement females. Rather, the current results
indicate that a pregnant female is significantly discounted compared to an open
replacement female.
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Although a pregnant replacement female is significantly discounted as a whole,
this result does not account for months pregnant. The results of the interaction term
between pregnancy status and months pregnant indicate that for each additional month in
pregnancy, buyers are willing to pay a premium. This signifies that although buyers
discount a pregnant replacement female in general, they are willing to pay the seller to
assume the risk of abortion. The increasing premium results are payoff neutral once the
replacement female reaches at least five months pregnant shown below in figure (6.1).
This result is similar to Mitchell, Peel, and Brorsen (2017) who reported discounts for
early- and mid-gestating replacement females until they were 6 months into gestation. As
such, it appears that if a study does not control for the months pregnant, a simple
comparison between pregnant and open replacement females is likely to depend on the
population distribution of months pregnant. For instance, if sellers in the data analyzed
by Parcell, Schroeder, and Hiner (1995) rarely sold females less than five or six months
pregnant, then given the estimated premium paid for pregnant females in this study, their
findings would be consistent with the current findings.
Next, the results indicate that a replacement with a calf by her side receives a
significant premium over one without a calf. This result is consistent with previous
research (Parcell, Schroeder, and Hiner, 1995), and further indicates that buyers are
willing to pay more for the seller to assume the risk of abortion and dystocia. Ultimately,
the buyer’s valuation dependent on pregnancy status is portrayed in figure (6.1) by
assuming an Angus breed type with certain qualities (e.g. medium frame size, body
condition score of 6).
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Figure 6.1 Replacement Angus female value: Mississippi auction markets, 2014-2015.
6.3

Expected Due-Date
Pregnant replacement females with expected due-dates in the summer months

(June, July, and August) received discounts relative to those expected to calve in March.
This result is consistent with a priori expectations for cattle in the Southeast. Extremely
hot months with heat stress, low quality forages, etc., can not only be detrimental to the
reproductive success of a replacement female but also to the expected value of calves.
6.4

Udder and Teat Score
Buyers placed an overall greater value on replacement females that had an udder

tight to the body cavity compared those with loose and weak udder suspension. However,
no teat score was statistically different from the reference category, signaling buyers had
no preference based on teat score and would not pay any more for a score of 1 or 2 than
for a poor score of 4 to 5. These results generally conform to a priori expectations and
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indicate producers possibly place a greater concern on the overall udder suspension than
teat size.
6.5

Weight and Weight Squared
The estimate for live body weight and live body weight squared are as expected,

where body weight exhibits diminishing returns on buyer valuation. This result is
consistent with the Mitchell, Peel, and Brorsen (2017) study. Compared to the Parish et
al. (2018) study, there is a difference, however. In the feeder calf study, the price per unit
body weight decreases with increasing body weight. This is due to lighter weight calves
having a greater possibility for future gain than heavier calves.
6.6

Temperament Score
The temperament variables did not meet a priori expectations as per the findings

of the feeder calf study by Parish et al. (2018). The value of a docile replacement female
was not statistically different from an extremely aggressive female. Although typically
producers do not prefer to handle aggressive cattle, especially with calves by their side, it
does not seem to impact how they value replacement females. However, in the feeder calf
study (Parish et al., 2018), it is found that a more docile calf brought a premium
compared to nervous or aggressive calves. This suggests that replacement female buyers
may actually value aggressiveness as an indicator of the maternal behavior of
protectiveness when raising a calf. Buyers could also view extreme docility as a sign of
potential illness.
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6.7

Body Condition Score
As expected, compared to an emaciated or extremely thin body condition, heavier

conditioned replacement females received a premium. However, it was not hypothesized
that an excessively over-conditioned (score of 7, 8, or 9) replacement female would
receive the greatest premium. It was assumed excessively obese body conditions would
bring a premium relative to extremely thin body scores, but it was not expected to bring
the greatest premium due to the possibility of calving problems. Comparing to the Parish
et al. (2018) feeder calf study, feeder calves followed the expected hypothesis, and there
is no incentive to improve past a body condition score of 5.
6.8

Frame Size
A small-frame sized female was not statistically different from a medium-frame

sized female. However, large-framed females are significantly discounted as compared
to medium-framed females. This is likely due to increasing feed costs associated with
larger framed replacement females who require greater quantities of nutrients for
maintenance. This result differs from Parcell, Schroeder, and Hiner (1995) which found a
premium for larger-framed females. Additionally, these results differ from the feeder calf
study as small framed calves were discounted whereas larger frames were not. Producers
are demanding larger framed calves but asking for them to come from smaller framed
females. To reconcile these differences in demand, producers would purchase large
framed bulls for their herds.
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6.9

Locomotion Score
The a priori expectation that as the locomotion score worsens, the present value of

the replacement female declines is confirmed. Relative to extremely lame, a replacement
female walking normally or smoothly, receives a premium. An interesting observation,
though, is a replacement female who scores a 2, only slightly lame, is valued no different
than a replacement female assessed as extremely lame. This suggests buyers highly value
sound replacement females for their operations. Lameness is sometimes chronic
progressive, so buyers may shy away from even the slightest indication of lameness in
replacement females.
6.10

Muscle Score
In this study, it was postulated that heavier-muscled females would bring a greater

value than thin-muscled females; the results support this assessment. A replacement female
with excessively heavy muscling, received a premium compared to one with extremely thin
muscling. However, muscle scores of heavy and moderate also received a premium relative
to thinly muscled, but the premium decreased. Because genetics are passed from
replacement females to calves for beef production, buyers value replacement females
which have the potential to produce thicker muscled and thus, greater valued calves.
6.11

Breed Composition
Several breed compositions received premiums compared to Angus and are as

follows: Angus cross, Brangus, Brangus cross, and Brahman cross. The highest discounts
relative to Angus were found in cattle composed of Holstein, other dairy breeds, and Red
Angus. Similar to the Parish et al. (2018) study, buyers prefer beef crossbreed types over
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dairy. However, there are some inconsistences between the feeder calf study and this
research when looking at specific breeds. For instance, Brahman influence in replacement
females was valued no differently than Angus, but significantly discounted in feeder
calves. Maternal heterosis from Bos indicus by Bos taurus females was likely valued by
buyers. Hereford replacement females were significantly discounted, but Hereford feeder
calves received premiums compared to Angus.
6.12

Month Sold
It was suggested that relative to a March selling window, all other months would

be discounted. Seasonality pattern impacts were found to be significant and consistent with
previous studies. All eleven calendar months received discounts compared to March. The
greatest discount is found to be for replacement females sold in September, which
corresponds to the typical seasonal decline in cattle prices as a whole.
6.13

Average Market Cow Price, Average Feeder Calf Price, and Corn Futures
Although the sign for the market cow average, which should serve as a price floor

for replacement females, is correct, the estimate was not statistically significant. The lack
of correlation may have occurred from the derivation of an average variable which
naturally masks the linkage between the two markets. For instance, heavier weight
replacement females, who are also valuable as a slaughter animal, will command a higher
price by slaughter buyers (Coatney, Shaffer, and Menkhaus, 2012), thus setting a higher
floor price. Therefore, it may be more beneficial to match replacement females to market
cows with similar physical characteristics.
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As the value of feeder calves increases, the present value of female replacements
was also expected to increase. Using the feeder calf prices sold at the auction as a proxy,
this belief is supported as results show an increase for each additional dollar per
hundredweight in feeder calf prices. Finally, the results show that as the price of corn
increases, the price of replacement females decreases.
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CHAPTER VII
CONCLUSIONS
Key components of the current research control for potential physical
characteristics that are related to reproductive success and the expected value of calves
produced. Contrary to some hedonic research (Parcell, Schroeder and Hiner, 1995),
pregnant replacement females do not necessarily receive a premium. It appears that
buyers take into account the uncertainty of pregnancy status and significantly discount
pregnant replacement females compared to non-pregnant females. However, a premium
is gained for each additional month in pregnancy, which is consistent with other hedonic
research (Mitchell, Peel and Brorsen, 2017). Therefore, it appears producers are taking
into account the risk of abortion and are not necessarily willing to pay a premium for
pregnant replacements. This relationship is enhanced by the relatively large premium
found for retaining the female until she has calved and then sold as a pair. These findings
suggest that previous premiums found for pregnant replacement females, (Parcell,
Schroeder and Hiner, 1995), may be driven by the population distribution of pregnancy
term length at auction and not pregnancy status in and of itself.
Another new vital piece of information pertaining to pregnancy status to
producers in Mississippi is the pregnant replacement female’s expected due date.
Replacement females expecting to calve in June, July, and August are discounted
compared to cooler months. The realization of buyers’ preferred breeding seasons can
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allow a seller to possibly avoid discounts associated with a pregnant replacement
female’s due date. Ultimately, this research supports the notion that all facets of
pregnancy status information is crucial to a buyer’s valuation of replacement females.
Therefore, it may be beneficial for producers to pregnancy check prior to auction as stage
of pregnancy impacts sale price and selling a pair receives the largest premium.
The secondary analysis of this research compared the consistency of premiums
and discounts between replacement females and feeder calves in the same auction.
Inconsistencies were found between heritable characteristics of value for feeder calves
and replacement females in Mississippi. For instance, breeds such as Brahman were
valued no differently than an Angus replacement female for cow-calf producers, but
feeder calves with Brahman influence received discounts. This is likely the result of
positive buyer valuation of maternal heterosis and the production impacts of this when
raising a nursing calf. Another interesting characteristic inconsistency is frame size. A
large-framed replacement female was discounted by producers but large framed feeder
calves were valued no less than medium-framed calves. This may be due to larger-framed
replacement females are costlier to maintain relative to smaller-framed replacements,
thus requiring breeding to large framed bulls to make up the difference in value.
Plausible reasons for these and other apparent inconsistencies in value are likely
due to different locations of production and variation of buyer demand along the supply
chain. For instance, the cow-calf industry spans across every state within the United
States, while cattle feeding is primarily located in the Midwest and the Great Plains. As
such, cow-calf production contends with a wider degree of climatic variation and
available natural resources. Replacement females must live in the same environment for
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their entire lifespan and produce a live weaned calf each year. Feeder calves are mobile;
their value is primarily based on the production of quality beef. For example, although a
Brahman feeder calf may receive a significant discount based on lower expected meat
quality as a fed animal, the discount may not outweigh the long term value of a Brahman
replacement female who is well-equipped to handle the extremely hot and humid
Mississippi climate. Alternatively, an Angus feeder calf receives a significant premium
relative to the Brahman feeder calf, the replacement female does not. As such, the
relative feeder calf premium may not outweigh the inefficiencies of an Angus
replacement female who may struggle with the Mississippi climate relative to a Brahmaninfluenced female.
7.1

Further Research
This research found that the greatest value a producer can receive is selling

replacement females as cow-calf pairs. However, the results of this analysis only pertain
to the sum of the marginal values. Therefore, a detailed benefit-cost analysis should be
conducted. Understanding the changes in net returns over time can better inform the
seller of whether to sell immediately or retain a confirmed pregnant replacement female
through calving to optimize profitability. Having this information readily available,
Mississippi and Southeastern cattle producers in general could make better informed
decisions about the marketing and purchasing strategies of female replacements.
Data for this research were collected in 2014 and 2015 when market prices were
relatively high. The premiums and discounts found in this research likely hold across
time, but price degrees could adjust as market prices regulate. Further research should
also be conducted to evaluate the consistency of these premiums and discounts over a
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more extended time. Additionally, the number and type of bidders (e.g. cow-calf
producer vs. traders), should be collected as changes in competition and bidder type have
been demonstrated to impact market cow prices (Coatney, Shaffer, and Menkhaus, 2012).
Finally, an extension of this research would be to conduct a similar analysis with
data collected from registered sales to test whether the marginal relationships with respect
to pregnancy status are similar. It may be the case that buyers perceive the females have
received additional care and conditioning before sale, thus increasing the likelihood any
pregnant replacement female will carry the unborn calf to term. Additionally, it is often
the case that sellers provide information about the bull the pregnant female is bred to,
thus reducing the uncertainty of the unborn calf’s value.
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CATTLE SCORING KEY
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Figure A.1 Cattle scoring key.
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ECONOMETRIC RESULTS
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Table B.1

Testing for multicollinearity using variance inflation factor.
Variable
Age
Age Squared
Pregnant
Months Pregnant
Pair
Due January
Due February
Due April
Due May
Due June
Due July
Due August
Due September
Due October
Due November
Due December
Temperament Score 1
Temperament Score 2
Temperament Score 3
Udder Score 1
Udder Score 2
Udder Score 3
Teat Score 1
Teat Score 2
Teat Score 3
Weight
Weight Squared
Body Condition 4
Body Condition 5
Body Condition 6
Body Condition 7
Body Condition 8/9
Small Frame
Large Frame
Locomotion Score 1
Locomotion Score 2
Muscle Score 1
Muscle Score 2
Muscle Score 3

Variance Inflation Factor
28.91311
27.21687
4.78543
2.80497
1.89580
1.87439
1.82830
1.84570
1.76606
1.73495
1.55292
1.52406
4.48709
1.54129
1.70982
1.81461
5.32147
4.71856
2.82208
4.17744
4.56936
3.46641
12.70590
10.81714
5.57012
108.56748
104.80568
5.93668
9.59192
8.57548
4.70334
1.67063
1.26080
1.31938
9.44368
9.28348
2.08936
5.65325
4.97253
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Table B.1 (Continued)
Angus Cross
Beefmaster OR Beefmaster Cross
Brangus
Brangus Cross
Brahman
Brahman Cross
Charolais
Charolais Cross
Hereford
Hereford Cross
Holstein
Holstein Cross
Red Angus
Red Angus Cross
Red Brangus OR Red Brangus Cross
Simmental
Other Beef
Other Dairy
Sold January
Sold February
Sold April
Sold May
Sold June
Sold July
Sold August
Sold September
Sold October
Sold November
Sold December
Average Market Cow Price
Average Feeder Calf Price
Corn Futures
*Estimated using OLS Regression.
Table B.2

1.32722
1.08427
1.63295
1.08427
1.04520
1.27754
1.07743
1.27491
1.14452
1.04857
1.07037
1.05224
1.11439
1.02255
1.13217
1.07084
1.27684
1.10786
2.28225
1.97338
2.62988
4.13782
3.08091
8.50294
11.06251
12.30330
13.55795
5.67133
2.35055
7.35001
4.59432
9.58854

Testing for serial correlation using Durbin-Watson d statistic.

Durbin- Watson d
Pr < DW (Positive Autocorrelation)
Pr> DW (Negative Autocorrelation)
Number of Observations
1st Order Autocorrelation
D statistic less than 2.0: Possible positive autocorrelation.
*Estimated using OLS Regression.
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1.520
<0.0001
1.000
3571
0.240

Table B.3

Testing for heteroscedasticitya using goldfeld-quandt test.

Variable
Months Pregnant
Weight
Average Market Cow Price
Average Feeder Calf Price
Corn Futures
a
Tested continuous variables only.


0.05
1.29
1.41
1.60
1.29
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Critical Value
1.48
1.48
1.48
1.48
1.48

